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Abstract
The suppression of the productions of the η meson in relativistic heavy-ion collisions and its ratio of η/pi0 are
computed theoretically in the framework of the perturbative QCD(pQCD) to confront the experimental data which
matches well. We explore how the hadron production ratios as η/pi0 would further disclose the informations of the
production suppressions due to the energy loss of the energetic jet that propagating though the QGP medium. Also, we
present our further studies on vector mesons such as ρ0 and φ within the same framework. The theoretical predictions
based on pQCD are thus firstly given which give a decent description on the experimental measurements. It paved
the way to the uniformly understanding of the strong suppression of single hadron productions at large transverse
momentum which is a convincing evidence of the jet quenching effect.
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1. Introduction
The so called quark-gluon plasma(QGP) is produced
at the earlier stage after the hard scattering in the heavy
ion collisions experiments at various ultra relativistic
energies. The properties of the de-confined state of
quarks and gluons thus can be reflected by the modi-
fications of the final state measurements relative to the
ones in p + p collision. One of the important properties
is the jet quenching effect [1] which indicate that the en-
ergetic partons produced in the hard scattering will lose
their energies when propagating in the hot and dense
medium. Thanks to the developments in both experi-
ments and theories, besides the hadron production sup-
pression, there are more hard probes to help constraint
the jet quenching models from RHIC to LHC energies
such as leading hadron yield at large pT and the related
correlations, and full jet observables [2, 3, 4, 5, 6, 7].
Even though the hadron suppression is the earliest evi-
dence and well measured observable, it is still playing
an important role when understanding the jet quench-
ing phenomena, and a lot of challenging questions are
still waiting for us to explore. Firstly, we need to know
whether the jet quenching description can explain most
of the identified hadrons production suppressions simul-
taneously. Unlike pi meson, the other identified hadrons
such as η, φ, ρ, the yields are not rich compared to pime-
son, and the constrainst of their fragmentation functions
are rather loose or even not available due to the lack of
the experimental data. Secondly, the interplay between
theory and experiment of the hadron production ratio
such as η/pi0 also help understanding how the flavor de-
pendent parton energy loss alter the flavor compositions
of fast partons [8, 9].
In the talk, we firstly explore the η meson produc-
tion in A + A collisions, also its suppression pattern and
production ratio to pi0, since η is the second important
source of decay electrons and photons just after pi0. We
calculate the η productions and its suppression in heavy
ion collisions at the RHIC and LHC using the higher
twist approach which considering multiple scattering of
the fast parton traversing through the dense QCD mat-
ter. The features of η/pi0 ratios in both p + p and A + A
collisions are also explored. In the same framework,
a newly developed initial parameterizations of ρ0 and φ
meson fragmentation functions at a starting energy scale
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of Q20 = 1.5(GeV)
2 [10, 11] are also employed to give a
first prediction of ρ0 and φ meson productions in p + p
collisions when having them evolved through DGLAP
evolution equations at NLO [12]. Their nuclear modifi-
cation factors are also predicted.
2. Formalism in p + pCollisions
The formula of identified hadron pT yield in p + p
collisions could be written as:
1
pT
dσpi0,η
dpT
=
∫
fq(
pT
zh
) · Dq→η,pi0 (zh, pT )dzhz2h
+
∫
fg(
pT
zh
) · Dg→η,pi0 (zh, pT )dzhz2h
. (1)
The above equation shows that the hadron yield in p + p
will be determined by two factors: the initial (parton-)jet
spectrum fq,g(pT ) and the parton fragmentation func-
tions Dq,g→η,pi0 (zh, pT ). The non-perturbative input of η
FFs provided by AESSS [13] help us to calculate the
single-inclusive η meson production as a function of fi-
nal state pT in hadron-hadron collisions at NLO. We
compare our calculation with PHENIX data [14], and
it is observed that the computed inclusive η spectrum in
p + p collisions with the scale µ = 1.0pT agrees well
with the PHENIX data.
3. Suppression Pattern in A + A Collisions
The resulting parton energy loss due to multiple scat-
tering leads to effectively modified parton fragmentation
functions in medium (mFF) which is calculated with
generalized QCD factorization of twist-4 processes [2].
Incorporating with next- to-leading order (NLO) pQCD
improved parton model, the phenomenological study on
pi0 suppression in nucleus-nucleus collisions [15, 16]
gives a fairly good description of pi0 yields in Au + Au
collisions at the RHIC and in Pb + Pb reactions at the
LHC. The same model to investigate pT spectrum of η
production at NLO in HIC, with the same jet transport
parameters qˆ extracted in pi0 production in HIC [7]. At
various values of qˆ0τ0 = 0.48 − 1.02 GeV2,we calcu-
late the Au+ Au productions within medium modified η
fragmentation functions in the 5% most central Au+ Au
collisions at RHIC energy
√
s = 200 GeV, and com-
pared our results with the PHENIX experimental data
on RAA of the η spectra. The theoretical calculation re-
sults explained the data well in large pT region in the left
panel of Fig. 1. The well agreement with the PHENIX
data [17] at mid-rapidity in the range pT = 2 − 20 GeV
shows that, even η meson is 4 times heavier than pi0, a
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Figure 1: Left panel: comparison between the PHENIX Data of η
nuclear modification factor in Au + Au collisions at 200 GeV and nu-
merical simulations at NLO; Right panel: predictions of η medium
modification factor in Pb + Pb collisions at 2.76 TeV with different qˆ0
parameters.
similar flat production suppression has been observed at
RHIC in this pT range independent of their mass. The
prediction of RAA of the η spectra in the central Pb+ Pb
collisions at the LHC energy
√
s = 2.76 TeV is given
in the right panel of Fig. 1. The qˆ0τ0 are chosen from
0.84 − 1.8 GeV2.
4. η/pi0 in A + A Collisions
We also explore the features of η/pi0 ratios in both
p + p and A + A collisions. We plot the pT depen-
dence of the η/pi0 ratios in Au + Au at 200 GeV as in
the left panel of Fig. 3, and a good agreement between
the model calculations with PHENIX data can be seen.
We also predict the pT dependence of the η/pi0 ratios in
Pb + Pb at 2.76 TeV in the right panel of Fig. 3. Simi-
lar trend could be seen at the RHIC and LHC that with
the increasing of pT , the η/pi0 ratio in A + A collisions
comes closer to the p + p curve, and at very larger pT ,
two curves coincide with each other.
The flavor dependent parton energy loss in the QGP
may alter the flavor compositions of fast partons, in
QCD medium gluon jet suffers larger energy loss than
quark jet. Because quark FFs and gluon FF into η and
pi have quite different features, in principle, a change of
flavor compositions of parton jets may affect the ratio of
η/pi0 [18]. The coincidence of the A + A and the p + p
η/pi0 curves in a wide pT region can not be explained in
one simple story that parton jets loss their energies first
in the QCD medium and then fragment into hadrons in
the vacuum [17].
At very high pT , quark FF is much larger than gluon
FF for both η and pi0 and shows weak pT and zh depen-
dence in the typical zh region 0.4 − 0.7 [7]. The yields
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Figure 2: Left panel: comparison between the PHENIX data of η/pi0
ratio inp + p collisions and Au + Au collisions at 200 GeV and the nu-
merical simulations at NLO. Right panel: the NLO pQCD theoretical
prediction of η /pi0 ratio in Pb + Pb collisions at 2.76 TeV.
of both pi0 and η should also predominantly come from
quarks shown in right top panel of Fig. 3, and the ratio
η/pi0 will also be determined only by quark FFs in vac-
uum with zh shift due to energy loss effect. It explain
why the ratios of η/pi0 in both A + A and p + p should
overlap with the one in e+e− scattering, and reach a uni-
versal value ∼ 0.5.
The calculation reflected by the left bottom panel of
Fig. 3 implies that whereas pi0 and η yields in p + p
come from quark or gluon hadronization, when calcu-
lating the ratio η/pi0, because of the relative identical
fractional contributions of gluon and quark to pi0 and η,
we can consider the contributions of only quarks (or glu-
ons). The flavor compositions or mixture of quarks and
gluons in p + p have nearly negligible effect on η/pi0.
Also, it can minimized the effect of the flavor depen-
dent energy loss in hot QCD medium, which underlies
the overlapping of η/pi0 in A + A and the one in p + p in
a wide region of pT .
Therefore, there are small modifications to η/pi0 due
to jet quenching effect when it comes lower pT region.
When plotting the gluon and quark contribution frac-
tions to η and pi0 yields in Au+Au collisions at 200 GeV
in the right panel of Fig. 3. It disclosed that the flavor
dependent jet energy loss can results in the suppression
of gluon contribution fraction in heavy-ion collisions as
compared to p + p. Previously when we naively expect
that because of gluon may give larger η/pi0 ratio than
quark does, the larger suppression of gluons in the QCD
medium will reduce η/pi0. However, the fact is con-
trary, the right panel of Fig. 3 indicate that instead the
jet quenching effect will enhance the ratio η/pi0 in high-
energy nucleus-nucleus collisions. The right top panel
of Fig. 3 gives us the reason, the suppression of gluon in
QCD medium imposes a larger reduction of the yield of
pi0 than that of η which gives rise to a slightly enhanced
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Figure 3: Left top panel: quark and gluon contribution fractions to
total pi0 (or η meson) yields at NLO in p + p collisions at 200 GeV.
Left bottom panel: the ratio η/pi0 at NLO when only gluon or up quark
contribution is considered in p + p collisions at 200 GeV. Right top
panel: quark and gluon contribution fractions to total pi0 (or η meson )
yields at NLO in Au + Au collisions at 200 GeV; Right bottom panel:
the ratio η/pi0 at NLO when only gluon or up quark contribution is
considered in Au + Au collisions at 200 GeV
η/pi0 ratio in A + A. The bottom panel here demonstrate
a larger η/pi0 ratio with only gluons is included in the
theoretical simulations.
Three factors of the identified hadron yield in heavy-
ion collisions has to be taken into account when under-
standing any hadron production ratios such as η/pi0: the
initial hard jet spectrum, the energy loss mechanism,
and parton fragmentation functions to the hadron in vac-
uum. The simple estimation with only flavor dependent
energy loss picture and fragmenting parton components
in vacuum may sometimes lead to a wrong conclusion.
5. ρ0 and φMeson Productions in A + A Collisions
Now we discuss the numerical predictions of ρ0 and
φ meson productions in the same theoretical frame-
work. Since the lack of experimental data, the newly
developed initial parameterizations of ρ0 and φ meson
fragmentation functions at a starting energy scale of
Q20 = 1.5(GeV)
2 [10, 11] is only fitted with the LO cal-
culation. Have them evolved through DGLAP evolution
equations at LO [12], the ρ0 and φ meson productions
in p + p collisions are firstly obtained using pQCD im-
proved parton model, we find that they describe the ex-
perimental data well as shown in Fig. 4.
Applying the same calculation framework of pi0 and
η, we derive the production of the ρ0 and φ both in RHIC
and LHC [21]. As we compared the leading order re-
sults with the experimental data, we find in the 0− 10%
most central Au + Au collisions at RHIC 200 GeV, the
nuclear modification factor of ρ0 at qˆ0τ0 = 0.72 GeV2
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Figure 4: Numerical calculation of the φ and ρ0 production in
p + p collisions at RHIC 200 GeV comparing with STAR [19] and
PHENIX [20] data respectively.
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Figure 5: Left panel: numerical calculation of the φ and ρ0 production
in 0 − 10% Au + Au collisions at RHIC 200 GeV comparing with
STAR [19] and PHENIX [20]; right panel: numerical calculation of
the φ and ρ0 productions in 0−5% Pb+Pb collisions at LHC 2.76 TeV
comparing with preliminary ALICE data from [22].
can explain the data fairly well at large pT region in the
left panel of Fig. 5 . We also notice that the nuclear
modification factor of φ as a function of pT however is
lower than the limited experimental data points, but still
around expected value of 0.2 which is similar as pi0 and
η.
In 0− 5% Pb + Pb collisions at LHC 2.76 TeV shown
in right panel of Fig. 5 , we predict the ρ0 and φ produc-
tions and compared the numerical results of the nuclear
modification factor of RφAA as a function of final state pT
with the ALICE preliminary measurements [22]. The
nuclear modification of φ from our theoretical model is
moderately higher than the experimental data.
Unlike the other three mesons that we investigate, φ,
is a dominantly strange meson. The suppression pat-
tern of a strange quark dominated meson is largely de-
pend on the sophisticated structure of the strange quark
fragmentation function. The parameterization of the φ
fragmentation function that we employed here certainly
needs more experimental data to be constrained.
6. Conclusions
This series of studies is to uniformly investigate
all the identified hadron production ratios and their
medium suppressions in the framework of pQCD, hence
to pave the way to quantitatively understand the nature
of the jet quenching effect in the context of all the iden-
tified hadron productions.
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